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Abstract 

RCoamic Radio Xnteneities a t  1.225 and 2.0 Megacycles/sec Measured up 
to an Alt i tude of 1700 Kilometerr" 

l y 3 v  
1). Walsh, F. T. Haddock, and H. F. Schulte 

A description is given of a rocket f l i g h t  t o  1700 km altitude 

for the purpose of measuring cosmic noise i n t e n s i t i e s  a t  0.75, 1,225 
and 2.0 Mc. 
the bottomside were detected. 

Above the peak of the ionosphere no signals  or iginat ing on 

Modulation of the radiometer outputs due to  vehicle spin was 
observed throughout the trajectory.  A t  the  higher pa r t s  t h i s  was un- 
re la ted  t o  the innoephere and was  presumably due t o  aon-uniformity of 
sky brtghtuess. 

observed and is discussed in re la t ion  to impedance behavior of an antenna 
in a magneto-ionic plasma. 

A t  Lower a l t i t udes  a series of ionospheric e f f ec t s  was 

The disappearance of the  extraordinary wave a t  the level X * 1 -Y 
was detected and c l ea r ly  ident i f ied by the sharp drop in signal and the  

enhanced angle-dependence of the radiat ion resistaace. Previously uno 
reported regions in the ionosphere of high noise levels were detected, 

and the  conditione for t h e i r  occurrence in r e l a t ion  to propagation behavior 
in the ioaoephere is delineated. 

The v a l i d i t y  of semi-themretical corrections of cosmic noise 
measurements f o r  the plasma influence on the antenna is demonstrated. 
Cosmic noise i n t ens i t t ee  at  1.225 and 2.0 Mc of 1.0 x loox) and 2.0 x 

loom W mo2 (c/e)" sr" respectively were obtained. 
selected higher frequency measurements t h i s  shows a sharp break in the 
spectrum near 2.0 Mc. 

Combined with 

The corresponding cosmic brightness temperatures are 2.1 x lo7' K 
7 and 1.7 x 10 OK, a t  1.225 and 2.0 Mc, respectively. 
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1, Introduction 

The s c i e n t i f i c  pas s ib i l i t i ee  and importance of  using rockets and 

satellites t o  conduct radio astronomy o b s m a t l o n s  at  low frequencies 

has been recognized for  several  years f l-4 J . Radio astronomp observa- 

t i ons  below 10 Mc from the ground were carr ied out a number of  years ago 
but were complicated by ionospheric effects .  

by Reber and E l l i s  irx 1955 ['j) pointed out  the p o s s i b i l i t i e s  of radlo 
astronomy measurements from the ground a t  frequencies down t0 1 Mc. E l l i s  
and h i s  associates  have continued t h i s  work which includes lqeasuraments of 
the  comic  noise background level a t  frequenoies between 1 and 10 Mc [6,7]. 
However, uncariaint ies  in the cal ibrat ion of t he  antenna efficiency, iono- 
spheric absorption, re f rac t ion  and sca t te r ing  e f f e c t s  a r e  involved. 
fore  i t  is impbrtant t o  conduct s imilar  iueasurwnents f r m  rockets and 

satellites at  the  same frequencies and lower. 

The only reported space radio astronomy measurements at  low fre- 
queuaies have been by the Ottawa group who obtained measurements of the 

cosmic noise background a t  3.8 Mc from a satell i te with apogee a t  1070 km 
[8,9I. These measur-ts were discussed by Chapman and Molozei [10,11] 
who deduced a value fo r  the average sky bfightness temperature a t  t h i s  
frequency of 8.1 x lo6 OK. Smith.[12] independently d&scussed the  O t t a w a  

observations and derived from them a mean brightness temperature of 1.3 x 

10 This discrepancy of a fac tor  six is 
apparently due t o  differences of inteEpretation of the e f f e c t s  of loca l  

plasma on the system sensi t ivi ty .  No in - f l igh t  measurements of such 
effects were made so Chapman and Madozzi had te resort t o  ra ther  ind i rec t  

methods of analysis  t o  account for them. 

The pioneering measqrements 

There- 

- 

6 
O K  f o r  a comparable area of sky. 
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I n  1959 the University of Michigan Radio Astronomy Observatory 

commenced the design of a rocket experiment t o  measure the mean..casar&c 

noise background a t  low frequencies. 

the conviction tha t  in-f l ight  ca l ibra t ion  of the antenna and receiver 

charac te r i s t ics  would be essent ia l  f o r  the interpretat ion of both the 

expected and any unexpected effects .  It would also give the  measured 

cosmic noise in t ens i t i e s  suf f ic ien t  accuracy to  be of s c i e n t i f i c  value. 
It was  f e l t  desirable to  make measurements a t  a range of frequencies t o  

help in te rpre t  ionospheric e f fec ts ,  and hopefully t o  define the cosmic 

The design of the system arose from 

noise spectrum. Severad spot-frequency receivers ra ther  than a sweep- 

frequency receiver were chosen because ground experience had suggested 
t h a t  these muld be easier t o  ca l ibra te  t o  obtain accurate absolute 

values. 
mined by expected vehicle performance and the  r a the r  scant data  available 

a t  the t i m e  on t h e  topside of the ionosphere. For prac t ica l  purposes, an 

e l e c t r i c a l l y  short  dipole was chosen r a the r  than a magnetic loop. 
payload resul t ing from t h i s  design was  launched on 22 September 1962, and 

both the rocket and payload performed w e l l .  
was reached. 

The choice of frequencies of 0.75, 1.225 and 2.0 Mc was  deter-  

The 

An a l t i t u d e  o f  almst 1700 km 

For proper in te rpre ta t ion  of the data  an understanding of the 

antenna behavior i n  the plasma is  essent ia l .  ConsequentSy, eeveral im-  
portant features of t h i s  subject w i l l  be discussed. A number of authors 

have discussed the subject of ionospheric focusing [11,13-13] Thus i t  

w i l l  not be enlarged upon here, except t o  say t h a t  a t  apogee it is  be- 

l ieved from ray-tracing calculat ions tha t  the antenna beam a t  both 1.225 

and 2.0 M c  covered essent iaJ ly  the whole of the upper hemisphere of sky. 

The equipment and the observations obtained w i l l  then be discussed and 
the interpretat ion of the data, involving the  der ivat ion of the topside iono- 

sphetlc prof i le  and a number of previously unreported phenomen'a, w i l l  be given. 

Cosmic noise in t ens i t i e s  a t  1.225 and 2.0 M c  w i l l  be deduced, and a 
comparison with selected work at  these and higher frequencies w i l l  be 

made. Finally, the astronomical implications of  these measurements w i l l  
be discussed. 

.. 
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2. Antewa behavior i n  a plasma 

2.1 Eauivalent c i r c u i t  
When an antenna is receiving noise power, there  is i n  any frequency 

range Av a l imited available power PA which can be drawn, and i t  is  usual 

t o  define an average antenna temperature f o r  the range Av by PA - kTAAv, 
k being Boltzmann*e constant. 
frequency is obtiiined by taking the l i m i t  as Av goes to zero. 

incident radiat ion from direct ion (e,@) has brightness temperature TB(9,$) 
and the antenna has gain g(@,p)in tha t  direction, then it is w e l l  known 
t h a t  

The antenna temperature a t  a par t icu lar  
I f  the 

where the in tegra l  i s  taken over the whole sol id  

(2.1) 

angle, o r  TA = < TB > 
where < TB'> means an average of TB(O,$) weighted by the antenna gain 
distribution. 

must be taken in using the preceding concepts and def in i t ions  i f  the 

incident radiat ion i s  not randomly polarized. 

I f  5 is  the same for  a l l  direct ions then TA = TB. Caution 

At any par t icu lar  frequency it i s  convenient te introduce a 
Theveain equivalent c i r c u i t  with open c i r c u i t  voltage VA, series resis tance 

R and reactance XA. 
since t h i s  w i l l  be the case i n  most of  the remaining discussion. 

be assurned that there  are no losaes, em R, is  the  radiat ion resistance, 

In fig.  1 the reactance is shown as a capacitance A 
It w i l l  

and PA = VA ' 1 4 ~ .  so t ha t  
n 

= 4kTARAAv. 
' 'A 

In practice,  the quantity actually measured is  the voltage VL a t  the 

receiver input terminals. The receiver i n  fig. 1 is represented by i ts  

input impedance % 5: % + js which is, i n  general, frequency dependent 

and includes any base capacity inherent i n  the mounting of the antenna. 
In order  to relate VL t o  the  desired quantity T it is necessary to  

know R and CA; t h i s  i s  true whether o r  not an attempt i s  made t o  use a 
matched system. 

A 
A 
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For an electrically short dipole in a uniform plasma without a 
superposed magnetic field, it is readily shown that RA = nRAo and 

'A 'A0 
X being the usual magneto-ionic parameter (plasma frequency/wave frequency) . 
and the radiation resistance must be divided into two additive components 
% and %I corresponding to the two characteristic waves which propagate, 
as discussed in section 2.2. 
with it. Thus by an extension of eq. (2.1) 

where suffixes zero indicate free-space values and n2 P 1 - X, 
2 

A plasma with a superposed static magnetic field is doubly refracting 

Each must have its own temperature associated 

with a similar expression for TII. The gain distributions g and gII I 
may be quite different; the incident radiation in the characteristic 
waves may not be randomly polarized; and TBI may be quite different from 

Thus, in general, T and TII will not be the same. 
5 and %I each have an equivalent generator associated with them 

TBII I 

in the manner of eq. (2.2) so that 

and 

(2 .5)  
. TI% + TIPI, 

TA = % +  51 
TA is, then, an average of T 
resistances. 
filled with a source of uniform brightness temperature TB, then 
TA - TI = T 

and T I XI weighted by their respective radiation 
In the particular case where the antenna beam is completely 

= TB, independent of antenna impedance. 11 

2.2 Radiation resistance 

Kogelnik [16] has derived an integral expression for the radiation 
resistance of an elementary electric dipole in a magneto-ionic medium. 
His result has been discussed by Wail and Walsh [171 who show that it 
m y  be separated into two compaaents l$ and %I associated with the 
respective characteristic waves, and who give extensive numbrical rerults. 

5 
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The convention adopted is  that the label I is  appli  d t o  tha t  characterie ic  
wave which i s  independent of the  strength of the magnetic f i e l d  when 

dropagating perpendicularly to  it. This is widely cal led &he ordinary vave. 
t 

It i s  ins t ruc t ive  t o  consider f ig .  2, which is of ten  useful in 
2 plasma physics, The ordinate  Y employs the magneto-Ionic parameter 

Y i (gyro-frequencylwave frequency) . 
conditions; and radiat ion entering the outer  ionosphere starts there and 

traces a t ra jec tory  on the diagram as it penetrates into the plasma. 

The behavior of the re f rac t ive  index has been examined in considerable 

d e t a i l  by, fo r  example, Ratc l i f fe  [ l e ]  . 
propagate i n  region 1, but the wave 11 cannot cross  i n t b  region 2. 
Wave I can propagate through lregioas 1, 2, 3 and 6, but  c a w t  cross  

l i n e  X - 1. 

The or ig in  represents free-space 

Thus both charac te r i s t ic  waves 

I n  region 3 (cross-hatched) wave 11 can propagate, and in regions 

7 and 8 (aLso cross-hatched) wave I can propagate, but i n  each ca6e the 
re f rac t ive  index becomes i n f i n i t e  f o r  some dSrection r e l a t i v e  t o  the. 

magnetic f ie ld .  This causes Kogelnik's- in tegra l  expression to become 

in f in i t e ;  however, i n f i n i t e  refract ive index implies zero wave length 

80 tha t  no r e a l  antenna could be considered e l e c t r i c a l l y  short, and con- 
sequently the application of h i s  theory to  a r e a l  antenaa would be invalid. 

It appears that the behavior of  radiation resis tauce i n  these region8 io 
inadequately understood a t  present; presumably it requires  more detai led 
consideration of the current d i s t r ibu t ion  which cannot be assumed t o  be 

the simple one used f o r  an e lec t r i ca l ly  short dipole. 

From the work of Well and tJIalsh, typical curves applicable t o  a 
wave frequency of 1.225 M c  a re  reproduced i n  f ig ,  3. 
s is tance relative to its free-space value may be wri t ten 

The radiat ion re- 

where 9 i s  the angle between the dipole and the magnetic f ie ld .  M and 

N may be s p l i t  in to  compenents 4, %I, NI, NII, but only the sums are 
shown. 

frequency i s  increased, M decreaees s teadi ly  a t  f i r s t ,  then plunges 

ra ther  rapidly to  o cusp, a f t e r  which i t  decreases r e l a t i v e l y  8lowly 

again. 

H plunges, also reaching a cusp, and then f la t tening.  

It w i l l  be noted that a t  a fixed gyro-frequency,as the plasma 

Similarly, N is extremely amall a t  f i r s t ,  then rise8 sharply as 
The cusp corres- 



c 
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ponds to the non-propagation of characteristic wave I1 and disappearance of 
%I and NII beyond X = 1 - Y. 

value of N indicates little variation of RA with angle, but the variation 
builds up rapidly as the cusp is approached. 

At frequencies well below this the small 

2.3 Capacitance 

Although a variety of expressions has appeared in the literature, 
an exact expression for the capacitance of a cylindrical dipole in free 
space cannot be obtained. 
pression for the capacitance of an electrically short biconical antenna 
in a magneto-ionic medium, neglecting radiation resistance. His result 
for CA/CAo, the ratio of the capacitance in free space to its value in 
the medium, again neglecting collisions, becomes (1 - X) for the case of 
zero magnetic field, as would be expected. Referring to fig, 2, his result 

2 leads to a capacitance equal to zero on the lines X = 1 - Y and X = 1, + Q) 

on the line Y = 1 for X < 1, and - 00 on the line Y * 1 for X > 1. 
regions 1 and 2 and also 6, CA is positive, and in regions 4 and 5 it is 
negative, Lie., inductive . 

Kaiser deduces that in regions 3, 7 and 8 the capacitance becomes 

Kaiser [lg] has derived an approximate ex- 

In 

complex, that is, it has a loss term associated with it even in the 
absence of collisions. 
inapplicable in these regions for the same reason that the radiation 
resistance theory breaks down; namely that the infinity in the refractive 
index of one or another characteristic wave invalidates the assumption of 
an electrically short antenna. 
resistance is apparently unjustified id these regions since, as pointed out 
in section 2.2, it may become infinite. It is possible that the theories 
for both radiation resistance and capacitance do not break down suddenly 
at the boundaries of these regions, but rather become progressively less 
accurate as the boundaries are approached. 

vehicle 

and Kane, Jackson and Whale [201 suggest that this may be taken into 
account approximately by considering the capacity between the two halves 

However, it seems likely that his treatment is 

In any case, Kaiser's neglect of radiation 

In practice, an ion sheath will form around the antenna due to the 
acquiring a negative potential relative to the plasma, Kaiser [19] 
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of the antenna to  be a series combination of the capacitance between the  
antenna and sheath boundary, with uni ty  d i e l ec t r i c  constant, and the 

capacitance within the medium. 

capacitance of a dipole with radius equal t o  tha t  of the sheath dimension. 

? 

The la t ter  may be considered t o  be the 

2.4 Sunmrarv 

Suppose a receiving system using a short electric dipole starts 
and from a great  height where conditions are essent ia l ly  

decends i n t o  the topside of the ionosphere, so that both the plasma 

frequency and the gyro-frequency increase, tracing out a t ra jec tory  

s t a r t i ng  a t  the or ig in  of fig.  2. 
vary as the gain d is t r ibu t ion  over the non-uniformly bright sky changes, 
but t h i s  e f f ec t  w i l l  usually be small compared with those produced by the 

impedance changes. Thus i n  f ig .  1, the antenna se r i e s  reactance w i l l  
increase, both e f f ec t s  w i l l  cause the voltage V .  t o  decrease, and the 

receiver output w i l l  decrease accordingly. 
t o  be ra ther  abrupt as the boundary between region 1 and region 2 i e  

approached and charac te r i s t ic  wave 11, generally cal led the extraordinary 

f r ee  space 

I n  general, the  antenna temperature w i l l  

The decrease would be expected 

wave i n  region 1, ceases t o  propagate and %I becomes zero. I n  region 

2 the rate of decrease should a t  f i r s t  be less rapid as 5 decreases 

smoothly; but according to  Kaiaer's analysis  CA should drop t o  zero 
a t  the  boundary between regions 2 and 3 80 that the voltage a t  the 

receiver terminals would be zero. 

very uncertain, but wave I, the ordinary wave, can propagate and pre- 

sumably would be received. I f  the t ra jec tory  passes in to  region 4, then 

wave I1 can propagate but cannot cross  in to  region 4 from the or ig in  

through the ba r r i e r  of region 2. 

should be received. 

3 i n t o  region 6, where the impedance i s  well-behaved, wave I should st i l l  
be received with decreasing receiver output u n t i l  the t ra jec tory  crosses 
the  l i n e  X = 1. 

$ 

I n  region 3 the antenna behavior i s  

Thus no wave from outside the atmosphere 

On the other hand i f  the t ra jec tory  passes from region 

8 



3. Description of equipment 

The payload syscem is shown in simplified fonn in fig. 4. The 
radio astronomy antenna is an electrically short, balanced dipole which is 
arranged to deploy after rocket nose cone ejection at an altitude of 700 km. 
The fully deployed antenna length is 12.32 m, tip to tip. 

first to the wide-band, preamplifier input and then to the antenna capaci- 
tance measuring circuit. While the switch is in the CA measurement 
position, the preamplifier is connected to a balanced drrmmy antenna 
which matches the free-space electrical characteristics of the radio 
astronomy antenna. 
amount of calibration signal from the noise generator. 
12-second repetitive switching sequence are presented in teble 1. 

A balanced switching system periodically connect8 this antenna 

It is designed to allow the introduction of a known 
Details of the 

. In addition to the above, the in-flight telemetering system is 
calibrated eeparately ewry sixth complete cycle. 

The wide-band, low-noise preamplifier employs vacuum tubes and has 
a bandpass from 0.7 to 2.2 Mc. 
enough to establish the signal-to-noise ratio for each radiometer channel 
at the preamp input. No attempt was made to tune out the antenna capaci- 
tance since this would lead to excessive changes in the system response due 
to the ionospheric effects. 
feed conventional superheterodyne receivers operating at 0.75, 1.225 and 
2.0 Pic. 
detector output is passed through a simple low-pass RC time averaging 
network with a charge and discharge time constant of 0.1 eecond. 
additional signal conditioning, the outputs are fed to separate sub- 
carrier channels of a standard FM/€’M telemetering system operating at 
240 Mc. 
antenna . 

The preamp gain over this band is large 

Three identical output drivers simultaneously 

The receiver bandwidth at the second detector is 3.4 kc. The 

After 

The 9-watt telemetering transmitter drives a phased turnstile 

Provision is made to telemeter the unemoothed audio output of each 
radiometer channel. Each channel I s  sampled for 12 seconds in sequence. 
Aural and oecillographic mnitoriw of each channel provides the capability 
of detecting man-made or atmo8pheric leakage from the ground Or 8PWiOUS 
receiver oscillations. 

4 
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Two additional telemetering subcarrier channels are utilized; one 
carries acceleration data for vehicle performance evaluation, and the 
second is time-multiplexed with a 30-channel commutator to monitor equip- 
ment temperatures, voltage levels, vehicle aspect and antenna deployment 
and to provide reliability backup for the other continuous subcarrier 
channel 8 .  

The system design objectives are to make precision measurements and 

to achieve maximum operational reliability. High stability, solid-state 
electronic regulators are incorporated in all power supplies. 
voltage levels and operating temperatures are monitored. Of prime impor- 
tance are the measurement of CA and the radiometer in-flight calibration. 
Knowledge of CA during flight is required to obtain accurate values of VA. 
One-half of a full-scale model antenna was measured by the method of ground- 
plane imaging on an antenna test range to obtain the antenna capacitance 
and radiation characteristics prior to flight. 

Critical 

Utilization of the dummy antenna provides a simultaneous two-level 
calibration of all three radiometer channels. The radiometer zero-level 
response is obtained with no noise input; then a wide-band noise is intro- 
duced to determine the radiometer gain factors. 

The pre-flight radiometer gain calibration with a temperature- 
limited diode was made with a balanced dummy antenna having an equivalent 
network (fig. 1) with CA equal to the antenna free-space value. 
resistance RA is very small compared with the reactance of CA, so the 
ratio of VL, the voltage delivered to the receiver, to VA is sensibly 
independent of the magnitude of RA. 
the receiver output level in terms of the value of VA2 used in this Cali- 
bration. Since noise is being measured the bandwidth may be neglected and 
the receiver output expressed in terms of the corresponding value of TARA. 
The observational data will be expressed in these units. To obtain the 
true value of TA in flight it is then necessary to correct the receiver 
output for the local value of CA, and then to divide the resultant corrected 
value of T R by the theoretical value of RA. 
very small compared with the other impedances in the circuit, otherwise a 
mere complicated analysis is necessary to obtain the true TA. 

A detailed technical description of the instrumentation will be published 
el sewhere. 

10 
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It is therefore convenient to express 

This is only valid if RA is A A  

All portions of this system functioned properly throughout fhe flight. 



4; Observational Data I .  

A journeyman four-stage sol ld-fuel  rocket carrying the payload 

described above was launched by USA from Wallops Island a t  01:46 A.M. 
EST on 22 September 1962. 
launch, with a sub-sa te l l i t e  point a t  l a t i t u d e  39.32" N, longitude 66.40' W. 
Strong telemetry s ignals  were received throughout the  f l i g h t ,  S ta t ions  a t  

Wallops Island and Bermuda j o i n t l y  obtained telemetry reception u n t i l  1524 
sec when the vehicle was below 50 km and presumably the performance was 

terminated by re-entry e f fec ts .  
fully extended u n t i l  233 sec a t  725 km. 
from 639 sec (1617 km on the upleg) to  1290 sec' (965 km on' the  downleg) . 
Analysis of the photocell data  and of telemetry s ignal  s t rength var ia t ions 
due to  vehicle spin indicates  t ha t  the vehicle had a spin period of 5.04 

An apogee of 1691 km was reached 798 sec a f t e r  

The radio astronomy antennas were not 

The vehicle was i n  sunlight 
. I  

' 

'Becs'with nb detectable precession. 
aligned w i t h  the veloci ty  vector a t  burnout. 

burin8 the f l i g h t  the ionosphe 

A u r a l  and ogcillographic inspectgoh of the'records of the unsmoothed 

It is presumed t h a t  the spin a x i s  was 

. a  

c r i t i c a l  frequency was about 

3 Mc. 

audio outputs, which were sampled sequentially, indicated tha t  with the 

receivers connected to  the antenna there was no sign of anything other  than 
pure noise in  the receiver outputs from the  time the antennas were f u l l y  

about 200 km, w e l l  below the peak of the  F-region, and &ice and musical 
broadcast or impulsive interference was c l ea r ly  audible on each receiver.  

the  c@Pacitance measurement was functioning correct ly ,  The f i n a l  reading 

obtained before the payload ceased t o  function, taken a t  about 75 km, was 

within less than 0.5 pf on the  pre-f l ight  ground measurement of 32 pf. 

data throughout the f l i gh t .  

i n  sdme dis tor t ion  of a l t i t u d e  variations.  
average value f o r  the sample of the relevant  output taken during a 12- 
second sequence. The winto have been joined by s t r a i g h t  l i nes ,  This may . . 
give a somewhat false 'imprea$ian a t  times when rapid var ia t ions  occur; 
occasionally a considekable increase o r  decrease i s  seen during a 6-second 

radiometer sample. Modulation a t  twi&..the sp in  frequency i s  seen on each 

' extended unt i l  a f t e r  1 4 9  sec. A t  the  latter t i m e ,  the vehicle was a t  

Data obtained on the bottomside of the ionosphere also indicated tha t  

Pig. 6 gives a general impression of  the radiometer and capacitance 

This i s  on a l i nea r  t i m e  scale and r e s u l t s  

Each point represents an 

11. 
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radiometer output throughout most o f ' t h e  f l i gh t .  An averaged sample may not 
include an in tegra l  number of cycles, thus contributing t o  f luctuat ions on 

otherwise slowly varying portions af f ig .  6 .  
the radiometer outputs i s  below the l eve l  of these fluctuations. 

I n  general, the noise level on 

Some of the Important features Qf the data wi l l 'be  mentioned br ie f ly .  

The 1.225 and 2.0 Mc radiometers show the  ienera l  behavior expected about 

apogee, such as the outputs decreasing gradually with decreasing a l t i tude .  
The antenna capacitance a t  apogee a t  1.25 MG is somewhat below i t s  free- 
space value and f a l l s  o f f  with decreasing a l t i tude ,  also as expected. The 

0.75 Mc.radioameter output i s  f a i r l y  steady a t  a r e l a t ive ly  low value f o r  a 

wide range of a l t i t u d e  below 1600 km, but above t h i s  shows a rise which i s  
ra ther  abrupt in.terms of a l t i t ude  and apparently ,syametrical about apogee. 

The A t  lower a l t i t udes  the data evidently bewmea more complicated. 

2.0 M c ~ a d h u ~ e t e r  ehows a rather abrupt f a l l  below 6QO km.on the downleg, 

followed1 by- a very sharp rise for a s ingle  6-secoqrd. sqmple, the increase 
being more than la factor  of ten in one second b e h r e  $eveltng off., By the 

next data sample, the 2.0 M c  output is  negligible.anQ3-etaye so through the 

peak of the ionosphere. The 1.225 Me output f a l l o  more gradyally: than the 

2.0 Mc, f l a t t e n s  a t  about 1000 km;then vises r a the r  rapidly to a l eve l  
more than t h i r t y  times higher Shaq i t a  apagea.valueb It stays high f o r  

more. than 200 km, >ghen descends -tg a ra ther  Low value below 600 km a l t i tude ,  

and etays low through the peak of.the ionosphere. 

where it is  somewhat less than half i t s  free-space value. 
rathel; rBp$dlp u p t t l  the measuring device sa tura tes  at  about 75 pf, at which 
level it s.mys u n t i l  below the peak of the ionosphere. No appreciable modu- 

lation,.of the capacttance which may be re la ted  t o  tb spin period is  observed, 

except possibly close to the  minim and.on the steep climb. Since the samples 
taken are d iscre te  and within a 2-second interval ,  small amplitude modulation 

i s  not easy to detect, but a l i m i t  o fge rhaps  0.3 pf. can be placed on these 

var ia t ions over most of the range. 

The capaci.tance 0.n the downleg continues t o  f a l l  u n t i l  about 800 km, 
Then i t  r i e e s  

On the upleg, the f u l l  sequence of events cannot be seen because the 

. antenna wue not f u l l y  extended u n t i l  725 km. There i s  a general s imi l a r i t y  

tQ the downleg. phase although the behavior is not ident ica l  and is perhaps 
mor9 complicated, 
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While the behavior of the 1.225 and 2.0 Mc radiometer outputs follows 

qua l i ta t ive ly  the expected behavior for  considerable distances e i t h e r  s ide  

of apogee, it would be imprudent t o  assume tha t  t h i s  behavior i s  following 

i ts  predicted theoret ical  course u n t i l  the  various other unexpected features  

can be explained. 

d i s t r ibu t ion  over the t ra jectory.  

A desirable f i r s t  s tep  i s  a model of the ionospheric 

5. The derived model ionosphere 

It i s  tempting t o  assume that the rise i n  the  0.75 M c  radiometer 
close t o  apogee i s  due to the crossing of the l i n e  X = 1 on f ig .  2, so t ha t  

reception of the ordinary wave suddenly commences. This defines a point 

near apogee on the plasma frequency prof i le ,  and indicates,  f o r  example, 

t ha t  a t  1.225 Mc reception of the extraordinary wave would barely commence 
before apogee. 

decrease i n  the ordinary wave portion of the radiat ion resistance,  and an 
ionospheric prof i le  can be constructed which w i l l  account f o r  the  general 
f a l l  of the 2.0 and 1.225 Mc outputs. The sharp rises a t  1.225 and 0.75 M c  

a t  lower a l t i t udes  are l i k e l y  to have a common though unknown cause because 

of the  general s imi la r i ty  of t h e i r  t i m e  duration and level. 

The decrease i n  the 1.225 Mc output i s  then due t o  the 

A t  an ear ly  stage of the analysis,  with l imited samples of data  
reduced, t h i s  hypothesis was i n  f ac t  adopted and preliminary estimates were 
made of cosmic noise i n t e n s i t i e s  [21]. It seemed t h a t  the 2.0 M c  value 

deduced was f a i r l y  r e l i a b l e  because the correct ions f o r  plasma e f f e c t s  

were small, though the 1.225 Mc value needed la rge  correct ions and was  much 
less cer ta in .  

number of problems which require a revised model of the ionospheric p ro f i l e  
and therefore revised values of comic  noise i n t e n s i t y  a t  1.225 Mc, but 

the 2.0 M c  measurement requires  only a m i n o r  adjustment. 

A s  data  reduction advance, however, t h i s  approach led t o  a 

An important feature  found i n  a de ta i led  examination of the  data is  
t h a t  the spin modulation of the  1.225 Mc radiometer output i s  s t r i c t l y  i n  

phase with that of the 2.0 Mc above about 1050 km, and the  tw amplitudes 

of modulation are nearly equal a t  about 2 10 per  cent of the  respective 

m e a n  levels ,  tha t  a t  1.225 Mc possibly being s l i g h t l y  greater; t h i s  i s  fo r  

more than half the t i m e  of f l igh t .  The 0.75 MC sp in  modulation apparently 
bears no s imple  re la t ionship t o  those a t  t he  o ther  two frequencies i n  phase 



b o r  amplitude. This strongly suggests t ha t  the 2.0 Mc and 1.225 Mc modulations 

have a common source. It cannot be  an anisotropic  plasma e f f ec t  since such 
an e f f ec t  would be expected to  be much more marked a t  the  lower frequency 

(as may be checked numerically using the methods discussed i n  section 2), and 

to  show some variat ion with a l t i t ude  owing t o  changing plasma and gyro f re -  

quencies. 
be the antenna temperature TA. 
projected on the sky varies; map inspection 

a t  higher frequencies suggest that  the observed modulation is reasonable. 
I ts  phase, of course, would be expected t o  be random r e l a t i v e  to any modu- 

l a t i o n  due t o  the  e f f ec t  of magnetic f i e l d  on CA and RA. 
The conclusion tha t  Rs is not appreciably modulated by spin enables 

an upper l i m i t  to be set to the plasm frequency a t  apogee. 

of the r e s u l t s  of Weir and Walsh [ 171 (c.f. f ig .  3) it i s  c l ea r  t ha t  i t  
must be w e l l  below the cr i t ical  frequency fo r  the extraordinary wave given 
by X = 1-Y, i.e. i n  region 1 on fig. 2. Otherwise, the  term N becomes 

qui te  large, and RA i s  strongly dependent on angle r e l a t i v e  to the magnetic 
f i e ld .  Thus, as the  vehicle descends, the extraordinary wave should dis-  

appear when it  crosses the boundary i n t o  region 2 of f ig .  2. This should 
be ident i f iab le  by several  phenomena. 

seen t h a t  there should be (i) a rather  abrupt decrease i n  output, followed 

by a r e l a t ive ly  slowly decreasing region, and (ii) a rapid change i n  the 

phase and perhaps modulation amplitude as the term N increases and RA 
becomes angle-dependent. 

The only remaining possible source of the  modulation appears t o  

As the vehicle spins, the gain d i s t r ibu t ion  
of sky brightness d i s t r ibu t ion  

From inspection 

From inspection of fig. 3 it i s  

A t  1.225 Mc, it  i s  found that the moderate rate of decrease becomes 
very rapid, the output f a l l i n g  by a factor  of more than tw i n  20 seconds 

between 1247 sec (1089 km) and 1267 sec (1033 km), then f la t tening;  i n  the 

same in te rva l  the phase changes a f t e r  being s tab le  for 15 minutes. This 
strongly suggests extraordinary wave disappearance between 1260 and 1265 
sec. 

suggesting extraordinary wave disappearance within 3 seconds of 1415 sec, 
though no f l a t  region i s  seen after the disappearance. 

A t  2 Mc the f a l l  i n  output and change in phase are more spectacular 

Using these two ra ther  closely defined points, a ten ta t ive  topside 

ionospheric p ro f i l e  can be sketched using a l s o  the known ionosphere below 

the  F-region peak. The latter is obtained from bottomside soundings a t  
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Wallops Island, 
displaced' eastward from Wallop,s Island the soundings are 'taken a t  a loca l  

time approximately equal t o  tha t  a t  the vehicle when descending through 

the peak of the ionosphere, 

e f f ec t  on the topBide prof i le .  

a reasonable p ro f i l e  up to  about 1050 km ( f ig .  7). 
uncertainties,  par t icu lar ly  a t  frequencies midway between' the "anchor" . 
points. Above the  upper point the p ro f i l e  i s  derived from the measured ca- 

pacitance deta,using the  approach due t o  'Kaiser (discussed i n  sect ion 2.3) 
but s l i gh t ly  modified to be t t e r  f i t  a cy l indr ica l  geometry, 

To take account of the f ac t  tha t  the vehicle i s  then 

Errors introduced here produce only a small  
This data  is, i n  fac t ,  suf f ic ien t  to define 

Thls, of course, has 

A. vehicle 

poten t ia l  of the order -0,a vol t s  is expected and therefore an allowance 
is made for  a corresponding sheath with a radius  about 5 cm i n  the region 
above the upper point.  
extraordinary WaQe disappearance is excellent.  

point i s  not s-trical about apogee and the curve shown i n  f i g 6  epplfes  

to the  downleg path. 
values of in tens i ty  are not c r i t i c a l l y  dependent 'on i t s  accuracy. 

overa l l  p rof i le  appe-8 $pasonable. t s  general cha rac t e r i s t i c s  a re  ,., 

consistent with curren,t knowledge of the topside. 
This provisionel p ro f i l e  i e  t&n used to  inves t iga te  quantatively 

the extraordinary wave disappearance. 

CA i s  avallable and the mean value of RA may be obtained ftm t h e . r e s u l t s  

of Weil and Walsh [ 171 . 
second term is known from the d i rec t ion  of the sp in  axis.  

TAs the r e l a t ive  rate of decrease of the receiver output may be calculated 

during the presumed extraordinary wave disappearance. 

f i g . ' 8  together with the observed receiver output. 
has been adjusted t o  give best  f i t  around the'cusp. 

good. After the disappearance, the theore t ica l  curve, involving only the 
ordinary wave, f a l l s  away r a the r  more rapidly than the  observed points, but 
t h i s  is perhaps connected with the  climb t o  the  so-far unexplained high 

l eve l  which begins a t  1320 sec. , The modulation on the sample centered a t  
1257 sec apparently has the same phase the  previous samples have shown 
since well before apogee, and the same phase as the  2.0Mc modulation, 

BOm-r, by the uext saqple the phase has changed. F r o m  f ig .  8 it 86-8 

tha t  the ident i f ica t ion  of t he  extraordinad+ wave disappearance 18 quite  

The agreement a t  the point defined by the  1.225 M c  

The p ro f i l e  above t h i s  

This upper portion cannot be grea t ly  i n  errorr Final  
1 .  

The 

A t  1.k M c  'a measured value of 

The mean value of RA is M + N C cos-@> . The 

Assuming constant 

This i s  shown i n  

The theore t ica l  curve 
The f i t  is  s t r ik ing ly  



6. 

unrrmbiguous. It is believed i ts  time i s  accurate to less than 2 3 secr 
correspondiq$ t o  about 2 10 km al t i tude,  giving a very accutate point on 
the profile.  A similar quantitative f i t  to the disappearance of the  extra- 

ordinary wave a t  2.0 Mc hae been made. 

Tratector ies  i n  the X - Y ~  plane 

It is now of i n t e re s t  t o  investigate the trajectories of  the three 
2 receiver frequencies on the  X-Y plane dascuesed previously, using the 

above model of  the ionosphere.. The t r a j ec to r i e s  after apogee are given 
in fig:g. 
summarized in section 4 now f a l l  in to  a systematic pattern. 
of regions i n  fig. 2 w i l l  be used. 

If w i l l  be shown that a number of features  of  the data 
The numbering 

1.225 enters  region 3 a t  1323 sec and leaves a t  1410 sec. 
Because of  the uncertailitieB in, the profltle the earlier time may be in 

errdr by as much as 10 sec, but the  later one i s  probably ra ther  accurate 
being close to  the 2.0 l4c;extraordinaz-y wave dieqqearance.  

is in remarkably close agreement with t he  period during which an .apparently 
ancrmolous high output occurred. 

t-s probably being accurate t o  a f e w  seconds. 
khis ' interval  is the rerpiartuable one described in  section 4: 
r i s i n g  very rapidly a t  1432 sea from a low level,  then returning. to. a low 

level before the next ample  btgiMhg a t  1444 see. 
These f a c t s  suggest that 0.75 Mc be examined while in region 3. 

fact ,  0,75 Mc is i n  region 3 at  apogee and passes out  of  i t  a t  955 sec 

acro8s-' the l i n e  Y t 1 (whiah i s  well defined from geomagnetic data independ- 

e n t  of. t he  model ionosphere), 
appearaukc of the high-level output around apogee, previously thought t o  
be a' CO&C noise received above the X P 1 level. A l s o ,  the increaee 
codhcea  precYsely h t  the  line Y = 1 beforg? apogee. 

ordinary iadde didappearance, the 1,225 Mc high-level noise a l so  a f t e r  

extraordinary d d d  didppearance, and the 0.75 Mc rise around apogee 

should be c l a s s i f i ed  togabher and a t t r ibu ted  t o  the pecul iar  properties 

of region 3. 

This in te rva l  

2.0 Mc enters  region 3 at  1429 sec and leaves a t  1441 sec, these 
The only sample within 

the output 

In 

This coincides p r e ~ i q e l y  with the d i s -  

'r Z t  $$pear$ themfore tha t  the sharp 2.0 Mc feature a f t e r  extra- 

2 Each W i n  this regton of the X-Y plane a t  d i f fe ren t  times, 
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at widely ranging altitudes, and for very different lengths of time, yet 
each shows an unexpectedly high level, falling again outside region 3. 
In addition, 2.0 and 1.225 Mc leave this region by crossing the line X = 1, 
while 0.75 Mc crosses the line Y E 1. 
of occurrence makes the identification with region 3 very strong. 
pointed out in section 2, the theory of antenna behavior in this region 
appears to be poorly developed so it is perhaps not too surprising that 
unpredicted phenomena should occur. 
region 3 as wave I but not as wave 11, and if the radiation resistance 
were high enough could produce a large antenna voltage, V'. 
there is no reason to expect such behavior of the component I of RA, and 
it seems that the effects observed in region 3 must be attributed somehow 
to wave I1 which has an infinity in the refractive index. 

This variety of conditions of 
As 

Cosmic noise can propagate into 

However, 

An obvious question then is the occurrence of a high output at 
0.75 Mc overlapping in time the high level at 1.225 Mc and following a 
long period with a low output and little variation. 
7 at 1347 sec. 
closely with the onset of the high level. 
to region 8 at 1410 sec, this time being accurate to a few seconds, but 
the level remains high for a considerably longer period. 
regions antenna behavior is rather uncertain, this time because of the 
infinity in the refractive index of characteristic wave I. 
therefore, the feature on the 0.75 Mc output may be attributed somehow to 
the infinity of regions 7 and 8. 

0.75 Mc enters region 
This may be uncertain by up to 15 sec, but it coincides 

0.75 Mc crosses from region 7 

Again, in these 

Tentatively, 

The origin of these unexpected noise levels in regions 3, 7 and 8 
It cannot be can only be speculated about on the basis of present data. 

attributed to a thermal origin in the surrounding plasma because it can 
be shown, from knowledge of the receiver input impedance, that each case 
requires antenna temperatures of at least one to two orders of magnitude 
greater than the ambient temperature of the plasma, which ie probably less 
than 1000'K. Antenna temperatures as low as this could only occur if the 
radiation resistance were several thousand ohms, to provide a power match 
to the receiver. 
occur, and if they were close to their free-space values, the antenna tem- 
peratures at 1.225 Mc in region 3 and 0.75 Mc in regions 7 and 8 would be 

It seems unlikely that such levels of radiation resistance 



a 6 i n  excess of 10 OK, and a t  2.0 Mc and 0.75 Mc i n  region 3 about 10 and 
10 7 O K  respectively. 

A possible source is  Cerenkov radiat ion from energetic charged 

par t ic les .  
of course met i n  these regions. 

The requirement fo r  a re f rac t ive  index greater  than unity i s  

7. Cosmic noise in t ens i t i e s  

It now appears reasonably safe  t o  assume tha t  a t  the a l t i t udes  above 
the extraordinary wave disappearance leve ls  a t  1.225 and 2.0 Mc, the  data  

may be used t o  obtain cosmic noise in tens i t ies .  

apogee can be corrected using the measured CA and the model ionosphere t o  

obtain a value of TA. 
however, i f  consistency could be obtained i n  the corrected values a t  a 

number of poirits.along the trajectory.  
Mc i n  the previous section, a theoret ical  curve of the receiver output 
r e l a t i v e  t o  i t s  free-space value can be calculated. While measured CA 

values are available fo r  1,225 Mc, i t  is necessary t o  compute them fo r  2.0 

Mc; t h i s  again may be done using Kaiser's approach and assuming an appro- 
p r i a t e  sheath. 

The radiometer outputs a t  

Greater confidence i n  the answer would be generated, 

Using the method outlined fo r  1.225 

The comparison of the theoret ical  curves with t h e  observations is 
made i n  f ig .  10, where the theoret ical  curves have been placed t o  give 

best  f i t  weighted toward apogee. 

is extremely good; because the predicted curve is f i t t e d  to  apogee rather  

than the extraordinary wave disappearance, the f i t  around the lat ter point 

i s  not qui te  as good as i n  f ig ,  8. 
gence around the shoulder before the rapid f a l l ,  However CA a t  2.0 M c  

must be computed using the model ionosphere, and t h i s  divergence i s  greatest  

between about loo0 km and 600 km. 
extraordinary wave disappearance points  where, as pointed out previously, 

the model ionosphere is not too well-defined. Higher plasma frequencies 

would be required t o  make the theoret ical  curve f i t  the observed curve, 
and hence 

It is seen tha t  the f i t  a t  1.225 Mc 

A t  2.0 Mc there is appreciable diver- 

This is the region between the two 

Prom f ig .  10 the appropriate free-space value of T R A A' 
of TA, is determined. 

brightness temperature i n  the upward hemisphere, which at  apogee is centered 

on new ga lac t ic  coordinates &":1bh0, b*' 5: -19" o r  R.A. = 02: 30, Dec.=39". 

T is a non-uniformly weighted average of the sky A 
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The antenna i s  spinning about an ax is  yhich is 
zenith is the direct ion of maximum gain of the  

more weighted than regions a t  l o w  elevations.. 

nearly ver t ical .  Since the 

dipole anten- it. is  s l igh t ly  

The eqcess gain produced 

by ionospheric focusing near the edge of the focused beam i e  very emdl  

i n  the case of a beam as broad as the one which appl ies  around apogee. 
The difference between the value of TA due t o  the t rue  weighting function 

and a uniform one is  probably very small. 
The resul t ing average values of comic  brightness temperature are 

given i n  table 2, together with the intensi ty ,  or brightness, defined by 

-2 I,, = 2kTB A . 
No mention of the value a t  0.75 Mc, has been made. Puring the time 

i n  which 0.75 Mc is i n  region 6 of f ig .  2, i t  should be receiving cosmic 
noise- by the ordinary wave, so measurements o f  in tens i ty  should be possible. 

The radiometeri output leve l  is ra ther  low in t h i s  r e g b n  and careful 
a t ten t ion  must be paid t o  tnsttumental corrections. However antenna, 

impedance ehauld be predictable, and it may ye t ,be  possible t o  deriye ,a 

u s e h l  estimate, i f  only an upper l i m i t ,  of ,the tn tens i ty  a t  0.75 Mc. 
This w i l l  require much more analysis. 

8. Spectrum of cosmic noise background 1 

The me& cosmic noise intensi'ty plot ted againat frequency is  &horn 
i n  f ig .  11. The elope of a s t ra ight  l i n e  spectrum on t h i s  graph is  defined 

a s  <he spectral  index, X, 'such tha t  mean in tens i ty  is  proportional t o  

(frequency) . Por' comparison with the new 1.225 and 2.0 Mc point&, higher 

frequency points, due t o  the Mullard Radio -Astronomy Observatory 122-251 , 
&re selected as being probably the 'bes t  'values avai lable  i n  t h i s  frequency 

range. An attempt was  made t o  adjust  t h e i r  i n t ens i ty  values t o  correspond 

t o  the mean intedsiry ovet the  hemisphere obserfved a t  1.225 and 2 . O H c .  

maximum values observed i n  Tasmania Bod cannot e a s i l y  be re la ted  t6 the  

reference hemisphere. This also applies t o  the value at  3.8 Mc by C h a m  

and Moloezi [lo] which i s  included because i t  is  the only other  epacq radio 

X 

The points shown & the graph far E l l i s  e t  a1 171 are mlnipaum and 

astronomy value yet  reported. .. 



The in tens i ty  a t  2.0 M c  taken i n  conjunction with the  higher frequency 

in t ens i t i e s  strongly suggests a s t ra ight  l i n e  spectrum with index near -0.5. 
These data exclude a spectral  index steeper than -0.6, such as recent ly  used 

by Hoyle and E l l i s  [ 261, and they exclude an index f l a t t e r  than -0.4. 
a l so  appear t o  exclude any sensible break i n  the slope of the  i n t r i n s i c  

cosmic noise spectrum above 10 Mc, as reported by Turt le  e t  a1 t241. 

They 

The f a c t  t ha t  the intensi ty  a t  1.225 Mc i s  one-half the value at  2Mc 

indicates  tha t  i n t e r s t e l l a r  absorption by ionized hydrogen must be invoked 
t o  account for  t h i s  rapid intensi ty  decrease. A change i n  i n t r i n s i c  spec- 

trum due t o  synchrotron self-absorption is  unlikely a t  so high a frequency. 

Nor i s  a change of the in t r in s i c  synchrotron spectrum due to the onset of  

energy losses  of the  cosmic ray electrons by ionization of i n t e r s t e l l a r  

matter adequate t o  account f o r  such a sudden drop-off. 

9. Radio h i a s i o n  from the a r t i f i c i a l  radiat ion be l t  of 9 July 1962 

On 9 July 1962 the U. S. exploded a high a l t i t u d e  hydrogen bomb 

which injected r e l a t i v i s t i c  electrons i n t o  the trapped orb i t s ,  thereby 

creat ing an a r t i f i c i a l  radiation be l t .  

synchrotron radiat ion which w a s  observed by ground-based telescopes a t  
frequencies between 18 and 100 Mc. 

Nakada [ 

considered the poss ib i l i ty  tha t  synchrotron radiat ion from t h i s  a r t i f i c i a l  
radiat ion b e l t  would in t e r f e re  with the rocket measurements of cosmic noise. 

Since the radiat ion from the a r t i f i c i a l  b e l t  was  localized over the geo- 

magnetic equator and the rocket shot was t o  be made a t  a magnetic l a t i t ude  

+52', the f rac t ion  of the t o t a l  sky f i l l e d  by the a r t i f i c i a l  b e l t  was qui te  

small and i t  was decided t o  proceed with the rocket experiment. 

decision has since been jus t i f ied  by the s tudies  of Nakada made after the 
rocket shot. 

i n t ens i ty  of 1Mc radiat ion on 22 September 1962 viewed from apogee of 

the  rocket t ra jectory.  

t h a t  the antenna pat tern was isotropic,  he obtained a value of 5.4 x 10 K. 
Using the spectrum given by Nakada f o r  t he  synchrotron rad ia t ion  from the  

a r t i f i c i a l  b e l t  viewed from the geomagnetic equator, we extrapolate from 
6 t h i s  value a t  1 Mc to  obtain 1.2 x 10 "IC a t  2.0 Mc, 3.4 x lo6 O K  a t  1.225 

Mc and lo7 O K  a t  0.75 Mc. 

These trapped electrons emitted 

This emission has been discussed by 

. Before the rocket experiment on 22 September 1962 the authors 

This 

Nakada has kindly carr ied out machine calculat ions of the 

By neglecting ionospheric re f rac t ion  and assuming 
60 

The corresponding in tens i ty  values are 1.47, 
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-1 1.56, 1.72 i n  uni t s  of 10'21W m-2(c/s)-1 'sr 
t h s  below the observed in t ens i t i e s  a t  1.225 and 2.0 Mc; the 'contribution 

' to  the 2.6 Mc value is less than 8 per cent. 

. .These values are several 

No fur ther  consideration w i l l  
be given t o  the a r t i f i c i a l  radiat ion be l t  since i t s  contribution i s  expected 

to  be less than the absolute accuracy of f i n a l  i n t ens i ty  values, and the 

observed spin modulation of TA at 1.225 and 2.0 Mc is  not i n  phase with 

t h a t  expected f r o m  the radiat ion bel t .  

Conclusions 

The mean in t ens i ty  of the cosmic noise background over a celestial 
hamisphere away from the ga lac t ic  center was measured a t  1.225 and 2.0 Mc. 
The cokeponding  in t ens i t i e s  are 1.0 x lo'= and 2.0 x W rao2(c/s)-' 

sr , with an estimated uncertainty of 2 1.5 decibel and the corresponding 

radio brightness temperatures are 2.1 x lo7 O K  and 1.7 x lo7 O K  a t  1.225 

and 2.0 Mc, respectively. 

frequency values referred t o  the  sanie c e l e s t i a l  hemisphere indicates  a 
spec t ra l  index fo r  the galaxy of approximately -0.5. 

f o r  by ionization lo s ses  by the cosmic ray  electrons o r  by synchrotron 

self-absorption, but requi ies  f ree-free thermal absorption, 
Intense ladise s ignals  were detected and the c o n d i t b n s  f o r  t h e i r  

occurrence were ident i f ied  with propagatioer ch&acterist ics i n  the ionosphere 
a t  the three frequencies. 

the radio a s t r o d y  antenna were detected. 

reeistance during the onset of the  disappearance of the 'extraordinary wave 
were identified.  

-1 

The 2.0 Mc i n t ens i ty  combined with selected high 

The drop 'of in tens i ty  'between 1.225 and '2.0 Md cannot be accounted 

The ef fec is  of the anisotropic plasma an t h e  rad ia t ion  resis tance of 
Variatiom i n  the radiat ion 

It was dewnstrated tha t  the antenna behavior i n  the fonosphere is 
predictable and can be corrected t o  obtain cosmic noise in t ens i ty  values 
outside the regions where the index of re f rac t ion  may be in f in i t e .  

de tec tad. 
No interference from signal8 generated below the P l a y e r  peak were 

. .  

21 



P 
w ru 
0 
ID 
0 . 

5 5  
RID 

P H  a 0  

0 
8 

k 

n 
0 w 

22 



! 

. .  
I _  Cbsmiq , .  Noise intensities 

. ... 
* ,  

Frequency , Gosmic Brightness 
Temperature (OK) (W 1 

I 

2'01 x 10 7 1.*5 
, .  . .  . .  

7 1.7 X 10 
< .  

_. . . .~ . i  
: , .  

. . .  . .  . .  : . 

i 

. .  
' ,  

23 . 

1.0 x 

2.0 x loom 



Ac know1 e dneme n t 

The authors wish t o  express t h e i r  thanks t o  the National Aero- 
naut ical  and Space Administration for  f inancial  support, and t o  the many 
individuals a t  the Goddard Space Flight Center and the Wallops f i r i n g  
range who prepared the rocket and conducted the launch. 

we me thanks t o  Charles Cmpbeli, John Guidotti and Lloyd Lohr. 

appreciate the reduction of ionograms f o r  the period of launch by the 

National Bureau of Standards. 

James Kuiper, Hal Estry and Richard Miller i n  the design, test, and 

I n  par t icu lar ,  

We 

We a re  gra te fu l  f o r  the assis tance of 

launching of the payload and data reduction, and John Dickel i n  the 
telemetry system design. 

on the  data  analysis,  and Newbern Smith f o r  constructing model ionospheres 
f o r  a id  i n  planning and analysis.  Finally,  we wlsh t o  thank E. H. Vestine 

of Rand Corporation fo r  supplying geomagnetic data along the f l i g h t  path, 
and Me P. Nakada of NASA f o r  calculations of radio emission from tlie 

July 9, 1962 a r t i f i c i a l  radiat ion be l t .  

We thank Mrs. Abigail Beutler f o r  assistance 

24 



Reference e 
. .  

1 . ' .  . .  
, _,., .. "- ' 

,,.. ... .. . . . , . . .,.. I 

. .  . I  

. :  , . . .  . . .  . . . .  . _  .;.. . . ,  , . 

. . .  "2. ' .  F. : .T.. , .  Ha@dock,,:An&m. Rocke't Sik.'.?g&'( 19%)' . pp; ' , .  . -  '602-794 .. . . .  I .  , . .  ' :., . .  
,. , , . .  . .  . , . . .  

. .  
4. 'E, A. 'Banediktov, G. ,G. Getmantsev, and V.. L., ~ l i u b U r ~ , " ~ S ~ ' s s t v e ~ ~ e  

t . .  ,,.. . . . .  . . .  . ,  . . . . .  > .  . . , . :; 
4 

Sputntkl Zemli., 7 '(.1961;). p'. .3. Trarrtr. b'y R. Matthewe, P iane t .  . .  . .  1. Space , , *  , . - ,  . . . .  , . .  . 
1 .  , I  

. -  1 . . .  . .  I : . . .  ' 
' a ,  . . '  

Scf.e 9. (1962') pp. log-lrl 
, .  . .  

5. G', 'kb&.and 'G. , R e  E l l i s , .  J. Geo. . .  Res. .61 (19%) pp. 1-10" 
- ' .  . : . . .  . . . :  . , ~  ., , .  . .. ' .. . . 

. 6. , , . ..' G., . Re , E $ l i ~ ,  . .  4% ,Geoi:Ree. .62 (!19n) pp; '229-234 . .  

7. . Q . R ~ A ~ S ~ ~ Y B , '  M. D. Wate&orth"and M. 'Bessell, Nature .196 .(19623 p. '1079 

8.'. J."P. I. 'kyas,' C, A. Frank1i.n +nd,A. R.. Molote'i, Nature .('1959) p. 184, 
., I . .  

- . .. . .  . .  . 
. I  

. .  . . . /  . . t .  

P* 785 

9. A. R. Molozzi, C. A. Franklin and J. P. I. Tyae, Nature 190 (1961) 

pp. 616-617 

J. 8. Chapman and A. R. Molozzi, Nature 191 (1961) p. 480 10. 

11. J. 8. Chapman, Effect6 of the Ionosphere on Radio Noire Measurements 

from an Earth S a t e l l i t e ,  Space Rea. I f ,  Proc. 2nd Internat.  Space Science 

S m .  (1961) 
12. F. G. Smith, Nature 191 (1961) p. 1381 

13. D. Waleh, Ionorpheric Focussing, Abstracts of the  URSf Meeting (May 1961) 

14. C. B. Haralgrove, J en l f e r  Haselgrove and R. C. Jetmison, Proc. Ray. Soc. 

A. 261 (1961) pp. 423-434 (corrigendum Proc. Roy. Soc. A. 261 (1961)) 

F. G. Smith, Mon. Not., Roy. A s t .  Soc. 122 (1961) pp. 527-534 15. 



16. H. Kogelnik, J. Res. N- B. S. 6411 (1960) pp. 515-523 

17. H. Weil and D. Walsh, Radiation Resistance of an Elec t r ic  Dipole in a 

Magneto-Ionic Medium, PTGAP Intern. Symp. (1963) ( t o  be published) 

18. J. A. Ratcl i f fe ,  The Magneto-Ionic Theory and Its Applications t o  the 

Ionosphere, Cambridge Univ. Press, Great Bri ta in ,  (19%) 

T. R. Kaiser, Planet .  Space Sci.  9 (1962) pp. 639-657 19. 

20. J. A. Kane, J. E. Jackeon and H. A. Whale, J. Res. N. B. S. 66D (1962) 

pp. 641-648 

F. T. Haddock, €I. F. Schulte and D. Walsh, A s t .  J. 68 (1963) p. 75 

J. E. Baldwin, Mon. Not., Roy. A s t .  Soc. 115 (1955) pp. 684-689 

21. 

22. 

23. I. I. K. Pauliny-Toth and J. R. Shakeshaft, Mon. Not., R a y .  Aet. SOC. 

124 (1962) pp. 61-77 

24. A. J. Turtle,  J. F. Pugh, S. Kenderdine and I, I. K. Pauliny-Toth, Mon. 

Not,, Roy. Ast SOC 124 ( 1962) pp. 297-312 

A. J. Turt le  and J. E. Baldwin, Mon. Not., Roy. A s t .  s0c. 124 (1962) 25. 

PP. 459-476 

26. F. Hoyle and G. R. A. E l l i s ,  Austr. J. F'hys. 16 (1963) (in press)  

27. M. P. Nakada, Synchrotron Radiation Calculations f o r  the A r t i f i c i a l  

Radiation B e l t ,  JGR (submitted) 

26 



- >'+ 
a z z z 

z '2 
H 

c5 

P 

# '  m 
c5 

P 





7 
t 
z 

I I  

dl$ 0 
% 

< 
m 

I I I I I I I I I 0 c r a m  
00 a Y f  cu 0 
0 0 0 0 rri 

w o w  



l-W 

I 

j 

L 



. .  
U N I V  OF MICH. - RADIO ASTRONOMY OBSERVATORY 

22 SEPT 62 NASA ROCKET I1.02UR 

. COSMIC NOISE ROCKET MEASUREMENT 

50 

w 

E 
0 

0 

5. PAYLOAD, EX. SKIN & NOSE CONE 
W T  = 98 LBS. 



CA 30 

ANTENNA I 
C A PAC I TAN CE 

(PPf 

I 1 I I I i 

20 
/i,A V 1 ;  yL j I 

--'- 

I I I 

IO 1 I d  I 
ANTENNA 4 ~SUNRI'SE -i +SUNSET 

1 1 DEPLOYMENTI I I 

OO 
r I I 1 I I I I I I I I I ~ I 

400 600 800 loo0 1200 1400 1600 200 

FLIGHT TIME (SEC.) 

6. RADIOMETER OUTPUTS 8 ANTENNA CAPACITY RESULTS .DURING FLIGHT 



UNIV. O F  MICH. RADIO ASTRONOMY OBSERVATORY 
- COSMIC NOISE ROCKET MEASUREMENT 

22 SEPT 62 N A S A  ROCKET I 

500- 

11.02 UR 

2.0 M c  EXTRAORDINARY 
MODE DISAPPEARANCE 

- L 1.225 M c  \ c  
EXTRAORDINARY - 
MODE 

w 
3 
I- 

n 

t- 
-I a 

\ r DISAPPEARANCE 

E 

0.2 0.5 
0 
0. I 

u 
1.0 

0 z 
0 
cj  

2.0 5.0 
P L A S M A  FREQUENCY (Mc) 

7. MODEL IONOSPHERE DEDUCED FROM 
FLIGHT DATA AND IONOSONDE 



I 



. 

In 
In 
Q, 



. 

N I- 
0 

v) 
W tn 

W > 
I- 

J 
W 
LT 

- 
a 

n 
W 
I- 
O 
n 

- w  
- 

0 

v 

I 
W I -  

I- 
z z  

n 
W 
LT 
a 
n 
5 
0 
0 

v) 
I- 
3 a 
t- 
3 
0 

CI 
W > 
LT 
W cn 
0 
m 

0 - 



. 

J a 

- 
J 
1 
W 

x 2  a r %  
> >  
Y Y  
m c n  

Tc 
i-ic 

t 
a b  

I 
I 

I 
i 

W 
>I 

*I o c  

3 


